rica) to group the results of our literature search. The scope of this systematic review is to give a quantitative overview on the articles available in the common large databases, as well as in the regional African databases, up until April 2014 on BC therapy and outcomes in Africa. For a qualitative review on BC care in general, we selected relevant articles less than 5 years old and added important previous work. First, we will give an overview on time trends, regional differences and the methodology of publications. Then, the relevant most recent articles on BC health care are discussed. Major challenges for BC care in Africa are summarized.
Methodology
We performed a systematic search in MEDLINE (Ovid), CENTRAL, African Journals Online (AJOL), African Index Medicus, The Breast Health Global Initiative, POPLINE, and SurvCan to identify all publications related to clinical and observational studies describing female cancer (breast and cervix) and Africa. Within this general search, we selected all publications related to treatment and/or outcomes in Africa. All publications were screened by title, keywords, abstract, and full text for relevant publications. Inclusion criteria were all studies describing treatment and/or outcomes of BC in Africa. Exclusion criteria were cross-sectional studies without information on therapy, studies on screening methodology, studies on pathologic material, studies only on African Americans, and studies conducted on non-African patients.
Additionally, we performed a search in MEDLINE (PubMed) for relevant topics on BC care, such as burden, awareness, risk factors, tumor biology, and healthcare services (PubMed search for 'Breast neoplasm AND Africa'). For this review, relevant articles from the last 5 years and selected articles from before are presented here as a brief overview, and major challenges are discussed.
Systematic Review on BC Treatment and Outcomes
This systematic review was carried out to review evidence on BC treatment in Africa.
Results and Discussion of the Search
Having used the above-mentioned inclusion and exclusion criteria to identify potentially relevant articles, we identified a total of 7,154 publications on the treatment of female cancer (BC and cervical cancer), of which we found 6,174 in the large databases: [7] . This reflects the focus of primary healthcare mainly involving non-physicians in East Africa (e.g. Tanzania), as opposed to a more clinical approach with more physicians in West Africa. Since there are fewer physicians in East Africa, this can possibly explain the relatively low number of articles on BC therapy from this region.
Looking at the individual countries, we noted that Nigeria was the number one country in terms of the overall number of publications, and specifically since 2005. Before 2005, South Africa was the country with the most articles available. It is possible that the case of scientific misconduct during the high-dose chemotherapy BC trial from South Africa may have led to reduced activities in BC research [8] . Egypt, Morocco, Tunisia, and Ghana followed with an overall number of 10 or more articles (table 2). These data are in line with the large population size and advanced socio-economic status of these countries.
Types of Studies Published
The studies were classified based on the type of treatment, the study design, and the grading of levels of evidence (LoE) (supplemental table 1, www.karger.com/?DOI=4433156). The therapies described in the articles were mainly surgery (70%), followed by chemotherapy (60%), radiotherapy (46%), and endocrine treatment (38%). Targeted treatment was rarely described. We note that surgery was the main focus and probably also the most widely applied therapy for BC patients. Finding that 60% of articles analyze or mention chemotherapy may indicate that systemic therapy is also used. However, finding that only 38% of articles analyze endocrine therapy indicates an increased need for more focus on this inexpensive and well-tolerated treatment option [9] .
In most cases, descriptive studies (43%) were conducted. We found few randomized controlled trials (9%) and only 25% trials in total. There were also 5% reviews. The influence of therapy was reported in 53% of the articles; median survival was reported in 28%. Toxicities were mentioned in 21%. We found 23 meta-analyses. When looking at LoE criteria according to the Oxford definition [10] , most articles showed LoE 4 (72%).
Epidemiology of BC in Africa
Recently, a total number of the 26 population-based registries in 20 countries were assembled in the African Cancer Registry Network (AFCRN) and contributed data to the GLOBOCAN 2012 database [11] . The report estimated that the incidence rates vary nearly 4-fold across various regions of the world, with rates ranging from 27 per 100,000 in Middle Africa and Eastern Asia to 96 per 100,000 in Western Europe. Higher incidence rates occur in countries with established screening programs. BC is the most commonly diagnosed cancer in Africa annually, with an estimated 63,100 cancer deaths in 2012 [2, 12] .
The incidence rates vary considerably within Africa. Population-based, age-standardized data from Kenya (Nairobi) revealed an age-standardized incidence rate of 52 per 100,000 in 2004-2008 [13] . Population-based data from Zimbabwe and Uganda during the same time period showed rates of 33 and 34 per 100,000 women, respectively [14, 15] . Results from Malawi (national data) are even lower, showing an annual incidence of 4 per 100,000 women [16] . Since registration methods are similar, reasons for this diversity may be lack of access to health service, lack of pathologic diagnosis, or true differences in risk factors.
Recently, several population-based cancer registries published their data analyzing trends over a period of 15-20 years. The 20-year incidence trend among the black population of Zimbabwe increased by about 4.9% annually, on average. The increases were more evident in older age groups (above age 50 years) than among the young [14] . In Uganda, the annual increase in incidence between 1991 and 2010 was 3.7% [15] . In Mozambique, the incidence of BC increased from 13.7/100,000 in 1991-1996 to 26.2/100,000 in 2003-2008, with relevant increases of 6.5% annually, on average. The greatest changes were seen among postmenopausal women [17] . The possible reason for the increasing BC incidence was suggested as adoption of Western habits, especially among the urban population, leading to lower fertility rates and a higher frequency of obesity. In South Africa, a recent article from a rural area showed that the annual incidence in women was only 12.2 per 100,000 in 2012, with an annual increase of 4.3% since 1998. It is likely that reproductive factors and the lifestyle in the rural areas are still protective against BC, but even here changes are being noticed [18] . Altogether, increases in age-standardized BC incidences of between 3.7 and 6.5% annually are seen. This alarming fact has to be considered when planning healthcare service capacities and awareness campaigns for the upcoming years.
Risk Factors and Prognostic Factors of BC in Africa
A different picture of BC in Africa concerning the incidence, the tumor biology, and the population and its risk factors and outcome is seen. Comparing Caucasian and African American patients has revealed differences in tumor biology leading to differences in outcomes. Lower incidence rates, but higher mortality, are reported. Younger age and a higher risk of triple-negative tumors lead to reduced survival in African Americans [19] . The majority of African studies are hospital-based case-control studies with small numbers.
Brinton et al. [20] reviewed the literature on risk factors for BC in African women. Higher parity (as in Africa) is generally considered protective -but may possibly lead to a transient increase in risk for premenopausal BC, with subsequent decreases at the postmenopausal age. Breastfeeding as a protective factor was found, but some studies only showed a weak or no effect. Higher socioeconomic status was found to be a risk factor in several studies; this could also be a surrogate for the prevalence of other risk factors (obesity, fewer children, etc.). In addition, better health-seeking behaviors may increase the number of diagnoses made in the higher socio-economic bracket. A strong correlation between BC and height was found in several studies, as well as the correlation between higher waist circumference and waist-to-hip ratio to BC risk. A large case-control study from South Africa revealed increases in BC risk during the use of hormonal contraceptives, especially progesterone-alone (injectable) options [21] . There is, up to now, a lack of epidemiological studies addressing environmental factors, physical activity, medical history, toxic agents, and most dietary factors including alcohol. Factors unique to Africa may include infectious agents such as the microbiome, human immunodeficiency virus (HIV) prevalence, and malaria. Environmental agents, such as fertilizers, insecticides including DDT, skin lighteners and hair relaxers, may also influence the susceptibility to BC [20] .
BC incidence rates are very low in North Africa. Corbex et al. [22] postulated that the risk factors are similar throughout Africa but that the prevalence varies considerably. They looked at the pattern of risk factors in North Africa compared to Western countries to see if this may explain the low rate of BC, as well as the unique patterns of BC in North Africa, such as early onset, aggressive forms (e.g. inflammatory BC), or high proportions of male BC. In North Africa, the presence of protective factors, especially during the 1980s, was more dominant than in Western countries. The mean number of children, early age at first childbirth, longer duration of breastfeeding, higher age at menarche, early menopause, little use of hormonal contraceptives, less alcohol consumption, and lower body mass index lead to a low-risk profile, which is now more evident in the elderly than in the younger North African women.
When looking at age-specific incidence rates, young age groups show similar BC rates compared to Western countries whereas the older age groups (above age 50 years) have markedly reduced incidence rates. Lack of screening in older age groups may also lead to lower detected incidence rates. Thus, the proportion of BC at a young age is higher due to a lower detected incidence in older women, and does not necessarily reflect different African tumor biology. The same applies to male BC, where the proportion is higher due to lower numbers of postmenopausal BC in women. The lower incidence of BC in postmenopausal women also leads to higher proportions of inflammatory BC, as reported in various case series. These observations may explain the difference in the BC pattern in North Africa, which does not necessarily point to a different biology of the disease but rather to a difference in the population structure [22] .
Eng et al. [23] published a large meta-analysis on articles describing hormone receptor status and human epidermal growth factor receptor 2 (HER2) status in Africa. They reported on 80 studies, including nearly 17,000 tumors. The proportion of estrogen receptor-positive disease was between 20 and 80%. Influencing factors on the proportion of estrogen receptor-positive disease included the use of archived tissue compared to prospectively collected tissue, the year of collection, and the higher proportion of grade 3 tumors, which had less estrogen receptor-positive cases. The more recent and prospectively collected series showed that the majority of cases were estrogen receptor positive. This should encourage the use of tamoxifen as a simple and inexpensive treatment option, even in cases where the receptor status is unknown.
In summary, reproductive and lifestyle risk factors according to small studies from Africa were found similar to those in Western patients, but differences in population structure and risk factor prevalence have to be considered when looking at patient cohorts from Africa. It is possible that larger cohort studies would reveal differences in known risk factors and there could also be unique factors (e.g. fertilizers, co-infections) that contribute to the BC risk in Africa.
Clinical and Pathological Presentation of BC
Clinical and pathological factors will be discussed on the basis of articles from 7 African countries: Republic of South Africa (RSA) [24] , Egypt [25] [26] [27] , Nigeria [28] , Eritrea [29] , Morocco [30] , Cameroon [31, 32] , and Rwanda [33] .
All articles reported that the majority of women presented at the healthcare facility with advanced BC (stages III and IV). Factors that influence the lack of early healthcare-seeking practices include distance to the healthcare facility (RSA and Egypt), the tendency to wait until experiencing pain (Egypt), a lack of knowledge regarding breast self-examination (Egypt), residing in a rural area (RSA), advanced age (RSA and Egypt), low literacy rates (RSA, Egypt, Nigeria), low income (RSA and Egypt), lack of knowledge regarding the illness (Nigeria), pursuing traditional treatment and the belief in supernatural healing. Being single and premenopausal were also risk factors for delayed presentation and diagnosis (Nigeria).
The majority of the patients described were 50 years old (all articles). 3 papers reported on male BC, with a proportion between 1 and 6% (Cameroon, Rwanda, and Eritrea). Self-examination was found to be the primary method of first detecting the BC, but very few patients underwent other examination procedures (Cameroon). At the time of the initial diagnosis, the majority of the women had already developed clinically positive lymph nodes and had major organ metastasis, mainly to the lungs, bones, and liver (Cameroon, Eritrea).
In conclusion, there is a low level of early health-seeking practices among women with BC in Africa. Sociodemographic, economic, and behavioral factors lead to advanced cancer stages by the time the women present for diagnosis. Specifically identifying the problematic areas and approaching them will contribute to improving BC patient outcomes by reducing the average stage at presentation ('downstaging').
Surgery and Adjuvant Treatment of BC
Considering the limited facilities for radiation, mastectomy is the surgical treatment of choice for operable cases in many African countries. In Nigeria, 35.2% of the newly diagnosed BC patients (n = 1,226) underwent mastectomy, and half of these had received primary systemic chemotherapy. The majority of patients were treated with palliative intention without surgery due to advanced disease [34] . A case series from Egypt analyzing breast tumor management found that over half of the patients presented with stage III or IV BC. Of all surgical cancer cases, 68% were treated by modified radical mastectomy; the authors suspect that surgeons prefer this option since compliance to radiotherapy after breast conservation may be poor despite available facilities [35] . The lack of availability of radiotherapy still remains a significant challenge, with an estimated current coverage of 28% and the need for another 703 machines in Africa [36] .
Primary systemic chemotherapy is an important treatment component when looking at the high proportions of advanced disease. A phase II trial from Nigeria that included 16 patients who received primary systemic capecitabine for over 24 weeks found that the overall response was 44% after 8 cycles [37] . A study from Egypt reported on gemcitabine and cisplatin in locally advanced or metastatic BC after previous anthracycline therapy. In 132 patients, there was a 33% response rate and a 46% rate of stable disease was seen [38] . A study from Egypt compared anthracycline-based chemotherapy with or without docetaxel in estrogen receptor-positive pT1-2 BC (n = 60). The addition of taxanes did not improve the 4-year disease-free survival [39] .
Altogether, we found only a few articles of clinical trials conducted in Africa and especially addressing specific features such as advanced stage, treatment availability, and comorbidities (e.g. HIV infection).
Cancer Control in Africa
We reviewed articles in the African context related to the health system efforts made for prevention, screening, and treatment to reduce the burden associated with BC. There are studies that suggest early detection and intervention as cost-effective ways to avert the daily-adjusted life years lost (DALYS). One study discussed that mammography screening, in combination with treatment at all stages, is a cost-effective intervention for BC that would likely prevent more DALYS [40] . However, others argue that biennial screening by clinical breast examination (CBE) and rising mass media awareness were more effective at reducing the DALYS than mammography screening [41] . Mammography screening may become the preferred option in the future, but currently, due to the very young population which is not eligible and due to resource constraints, this option is not suitable for the majority of Africa's sub-Saharan countries [42] .
In Ethiopia, it was found that the women's first visits to the healthcare service providers were initiated due to changes in or the addition of symptoms, family pressure, or secondary to other careseeking behaviors [43] . The patient navigation chain has a lot of barriers until the patients eventually reach the central cancer center. At a minimum, patients face 3 or more nodes that are widely divergent [44] . A study done in Ghana found that being a member of the Islamic religion, seeking treatment at traditional healers, and a lack of awareness of national health insurance coverage for BC treatment were the main factors that affected treatment completion [45] . A hospital-based study from Ghana revealed that patients diagnosed with late-stage cancer who were put on adjuvant therapy with hormone receptor status evaluation were more adherent to the treatment guidelines compared with those that never had the hormone receptor status determined [46] . A population-based survey from Rwanda and Sierra Leone, looking at the prevalence of breast masses and barriers to care, showed that women were not seeking medical care due to the absence of symptoms of the breast masses, financial issues, and trust in traditional healers, as well as an overall distrust towards the medical system [47] .
Late stage at diagnosis is a problem for BC control [40, 48, 49] . In Ghana, a study showed that 64.1% of patients presented to facilities at a late stage of the disease for diagnosis [46] . There are significant efforts being made to optimize treatment with limited resources; for example, Rwanda established a central BC treatment center [50] . Authors from Tanzania demonstrated that a cost-ef-fective low-technology interventional study resulted in an improvement of early detection and downstaging at diagnosis. Proactive visitation of health aides to the villages for the early detection of BC and other cancers was effective. The study found an increasing number of early-stage BCs (stages I and II) in the intervention villages during the 1st, 2nd, and 3rd year at 9%, 60%, and 67%, respectively [49] .
In summary, early detection and treatment are the main interventional approaches for BC control. The patient's sociodemographic and behavioral factors, community culture and beliefs, healthcare service availability, and navigation-related factors are important considerations for BC control programs. Interventions to improve the outcomes and the overall healthcare system, like a combination of treatments at all stages, awareness generation by media coverage, the use of community health workers, and the use of health data based on research, are very effective. Resource constraints are very demanding in making use of and sustaining such interventions. Resource-stratified guidelines for BC were recently published as an initiative from the National Comprehensive Cancer Network [51] . The 4 levels are 'Basic', 'Limited', 'Enhanced', and 'NCCN Guidelines at centers of excellence in the United States'. These guidelines can be adapted according to the individual setting.
Conclusions
BC is an emerging topic in Africa according to the annually increasing numbers of published articles. Still, evidence on therapy and outcome is mainly available from cohort studies. Up to now, only few prospective clinical trials have been published that include issues specific to Africa, such as patients with young age and advanced tumor stages, co-infections, and limited resources. By now, data from population-based cancer registries have become available for the majority of African countries. Age-standardized BC incidence rates show regional differences and increase over time. The reasons include better diagnosis and changing risk factors in a population in transition, like, e.g., reproductive factors, lifestyle, etc. African physicians are faced with many young patients due to the shape of the African population pyramid and with late-stage tumors due to delays in accessing health care. Mastectomy is the surgery of choice because of a lack of radiation facilities; primary systemic therapy as an option for locally advanced disease is available in oncology centers. As compared to earlier reports, recent studies show higher proportions of estrogen receptor-positive cases, suggesting advantages of endocrine therapy for patients with unknown receptor status. Cancer control in Africa mainly involves activities to downstage the cases at presentation and to equip the healthcare systems with capacities to provide regional and systemic treatment. This needs political prioritization and efforts of the scientific community to provide evidence for the specific African context. 
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